Accurate population-based data are needed on the rate, economic impact, and the long-term outcomes of readmission among patients with cirrhosis. To examine the rates, costs, and 1-year outcomes of patients readmitted within 30 days following their index hospitalization for complications of cirrhosis, we conducted a nationwide, population-based cohort study involving all patients with cirrhosis in Thailand from 2009 through 2013, using data from the National Health Security Office databases, which included those from nationwide hospitalizations. Readmission was captured from hospitals at all health care levels across the country within the Universal Coverage Scheme. For the 134,038 patients hospitalized with cirrhosis, the overall 30-day readmission rate was 17%. 
C
irrhosis is a leading cause of death worldwide, with an estimated increase from around 676,000 deaths in 1980 to over 1 million in 2010.
(1) Liver cirrhosis is also associated with increased resource use. The overall health care costs of liver cirrhosis includes significantly high direct costs (medical treatment such as medicine and hospitalization costs) and indirect costs (loss of work productivity and reduced health-related quality of life), with estimated direct cost to be $2.5 billion and estimated indirect cost to be $10.6 billion in the United States. (2) Because cirrhosis is a progressive disorder and chronic disease, patients with decompensated cirrhosis often experience multi-organ failure with consequences including hepatic encephalopathy, infection, gastrointestinal hemorrhage, fluid overload, and frailty. (3, 4) Because of their insubstantial condition, patients with decompensated cirrhosis are more frequently hospitalized and rapidly readmitted shortly after their discharge, and the pooled estimate of 30-day readmissions was reported at 26% (95% confidence interval [CI] , 22%-30%). (5) These data were collected from a selection of patients from tertiary care centers, each limited by the possibility of uncounted readmissions to other hospitals and selected patients from referral centers. (6) Recently, Tapper et al. (7) reported on a population-based study of readmissions among patients who were admitted to hospitals in multiple states, demonstrating 30-day and 90-day rates of readmission of 12.9% and 21.2%, respectively. However, no nationwide multicenter data from population-based data outside the United States are presently available.
Thirty-day readmission rates are considered an indicator of hospital quality and performance measures. Readmissions also have huge impacts on the overall costs of health care. Repeated hospitalizations are harmful to patients and constitute a burden to caregivers and health care systems. The annual postindex hospitalization costs for those with a 30-day readmission were substantially higher than those readmitted beyond 30 days or those not readmitted. (4) Average annual costs concerning hospitalizations for chronic liver disease are around $2 billion. (8) Understanding and assessing the national trends in cirrhosis readmissions would provide the keys to success for any given intervention intending to reduce readmission rates for patients with cirrhosis. Therefore, in this study we examined incidence and risk factors for readmission of a nationwide cohort study of patients with cirrhosis who required readmission within 30 days.
Methods

Data souRCe anD patient seleCtion
All patient-encountered data were obtained from the National Health Security Office. Data extracted from national inpatient databases from 2009 through 2013 were all-payer parties under the Thai Ministry of Public Health and representative administrative data sets totaling a population of 49.1 million. The databases included those from nationwide hospitalizations. The National Health Security Office database contained 28,294,685 individual discharge records from 2009 through 2013. By using the International Classification of Diseases, 10th Revision (ICD-10), Clinical Modification, diagnostic and procedural codes with indicating diagnoses consistent with cirrhosis (Table 1) as primary diagnosis were identified. Standardized costs for all billed inpatient services included professional and hospital services for the inpatient stay as well as for time spent in the emergency department or observation preceding admission. Costs retrieved from the National Health Security Office Cost Data Warehouse were created by applying Universal Coverage Scheme reimbursement to professional services, multiplying service-line hospital charges by medical cost report cost to charge ratios, and adjusting for inflation with the gross domestic product implicit price deflator. Disposition at 1 year was determined by a review of electronic health records. For those patients whose medical records did not specify status at 1 year, survival status at 1 year was confirmed by social security number. We excluded elective admission from medical investigations or Table 1 . We tested the validity of the ICD-10, WHO Version for 2016 codes in an administrative database from Phramongkutklao Hospital using a medical-linked system within the hospital database (using 100 random medical records) to identify patients. This set of ICD-10 codes, WHO Version for 2016 identified patients with cirrhosis with high accuracy (sensitivity 92% and specificity 94%). Ascites (R18.8) did not add to the accuracy of diagnosis of cirrhosis. Individuals were excluded from the study if they (1) had elective admission for scheduled therapeutic procedures, such as transarterial chemoembolization for HCC (n = 20,971), (2) died during the initial hospitalization (n = 19,544), or (3) received a liver transplant before or during the study period (n = 0).
The primary outcomes were risks for first hospitalization and 30-day inpatient readmission; the secondary outcomes were cost and status at 1 year. . Other exposure variables included age, sex, hospital size, and geographic region of the country. Comorbidity and illness severity were controlled using the Charlson comorbidity index (9) after eliminating liver disease and HCC. Time to first readmission was measured at the median (67 days). Primary reasons for readmission were identified using the first listed ICD-10-WHO code for hospitalization. Reasons for readmission were then further grouped more broadly according to the authors' discretion.
Mortality rate was captured from the death certificate database.
statistiCal analysis
Data were summarized as the median (interquartile range) or mean (range) for continuous outcomes or counts and percentages for categorical outcomes. Normal distributions were verified by visual inspection. We used Wilcoxon rank sum tests for continuous data and the chi-square or Fisher exact tests for categorical data to determine differences between groups. Two-tailed P values were reported with P less than 0.05 considered statistically significant. The C statistic was computed to describes the discriminatory performance of the model using significant univariate variables and important clinical variables, which were then included in the multivariate model.
We first described readmission rates at 30 days, as well as specific subgroups of interest including geographic region, hospital size, and health care delivery system. Next we described the top reasons for readmission based on the ICD-10-WHO code (Table 1 ) and analyzed data using SPSS Statistics (IBM, Armonk, NY ).
Results
patient population, aDmission, anD ReaDmission Rates
After applying the inclusion and exclusion criteria, we identified 134,038 unique index admissions. Overall, most patients were admitted in the north and northeastern regions of Thailand, and 28.3% were admitted to a hospital with more than 500 beds. The demographics, clinical characteristics, and details of each patient's index admission are described in Table 2 . In general, 37% of patients had alcoholic cirrhosis and 66% of patients had viral hepatitis (hepatitis B and C between patients readmitted within 30 days and patients not readmitted within 30 days did not differ. Comorbidity index, ascites, and HE among patients readmitted within 30 days were significantly higher than the control group. Figure 1 summarizes inclusions and exclusions including nonroutine discharges, in-hospital mortality, and liver transplant before and during index admission. Patients discharged after index hospitalization for cirrhosis had an even higher rate of early readmission. The median time to readmission was 67 days after being discharged. The observed overall 30-day readmission rate was 17%. Most readmissions were to the same hospital as the index of admission. The 30-day readmission rate at a community hospital (fewer than 120 beds) was 16.9%, 16.9% at an intermediate-level hospital (121-500 beds), and 17.1% at a referral hospital (more than 500 beds). These rates did not tend to vary in clinical detail across the country or among the causes of cirrhosis. Subgroup analysis of health care level revealed that the 30-day readmission rate did not differ, but total readmissions in a community hospital were higher than those in a referral hospital.
Reasons FoR ReaDmission anD VaRiaBles assoCiateD WitH 30-Day ReaDmission
Gastrointestinal hemorrhage was the most common reason for readmission within 30 days and at specific time points at 7, 14, and 30 days. Infection and alcohol-related conditions were the second and third most common reasons for 30-day readmission, respectively. Among the infections, gastrointestinal infection and sepsis were the most common causes of infection. In total, 26 significant variables were associated with 30-day readmission using univariate analysis. Using multivariate analysis adjusted for age, sex, and comorbidity, HCC was a significant readmission predictor (hazard ratio [HR] 1.95; 95% confidence interval [CI]: 1.84, 2.06; P < 0.001) followed by human immunodeficiency virus (HIV)-related admission (HR 1.81; 95% CI: 1.51, 2.17; P < 0.001) and cholangiocarcinoma (HR 1.64; 95% CI: 1.30, 2.05; P < 0.001) in rank order. We developed a model to predict risk of 30-day readmission. However, the model exhibited poor discriminative ability with a C statistic of 0.6. Predictors for 30-day readmission are summarized in Table 3 .
Costs oF HospitaliZation anD ReaDmission
Readmitted patients had lower average index hospitalization costs per visit than those of patients without readmission. However, 30-day readmission costs were significantly higher than those of the non-30-day readmission group. Index hospitalization and 30-day readmission costs were significant higher in a referral hospital. 
outComes 1 yeaR aFteR Hospital DisCHaRge
Among the 22,714 patients readmitted within 30 days, the 1-year mortality rate was higher than that of those not readmitted (63.5% vs. 33.8%, P < 0.001). In all, 4,226 in-hospital deaths occurred during readmission, and 10,197 out-of-hospital deaths or 11,423 total deaths (63.5%) occurred within 1 year after the initial hospital admission. The overall 1-year mortality rate among hospitalized patients was 38.9%. Causes of death were mostly from liver-related mortality and infection.
Discussion
This study focused on hospitalized patients with cirrhosis identified nationwide regarding allpayer parties in the Thai Ministry of Public Health database. Our study demonstrates readmission rates in a nationwide population database. This study discovered six key findings. First, the incidence of 30-day readmission for patients with cirrhosis was 17% and did not differ between community and tertiary care hospitals. This number was higher than a geographically representative study conducted in the United States. (7) Second, age and male sex comprised risk factors for index admission concerning complications of cirrhosis. Third, the length of stay at the index of admission, comorbidity index, and presence of complications of cirrhosis was significantly higher among patients who were rehospitalized within 30 days after discharge from the index, and the median time for readmission was 67 days. Fourth, the presence of liver cancer, both HCC and cholangiocarcinoma, and HIV infection were the strongest predictors of 30-day readmission. Fifth, costs at index of admission for readmitted patients was lower than those of patients without readmission. However, the total costs were more related to costs of readmission. Finally, we also captured patients who died outside of the hospital, at home, or en route to the hospital and in the emergency department using patient identification number. The 1-year outcome for any patient with cirrhosis was somber, with only 36.5% of patients alive within 1 year after the initial hospital admission.
Our previous study presented a 30-day readmission rate of patients with cirrhosis residing within three states in the Midwest area of the United States (Minnesota, Iowa, and Wisconsin), which was 24.3% of the index cohort. (4) Another study from Volk et al. reported a 30-day readmission rate of 37%. The rates reported from these related studies were higher than that in our study because both studies were conducted at an academic hospital that served as a referral center. However, our research involved a population-based study that captured all readmissions within the health care system. A previous study in the United States, which conducted a weighted analysis of the 2014 Nationwide Readmissions Database, reported a readmission rate of 15%, and the main causes of readmission were complications of cirrhosis. (10) Likewise, our data support that cirrhosis is a major economic burden in the health care system, because after initial admission most patients are readmitted again in the health care system. Most reasons cited for readmission were from complications of cirrhosis. (4, 7, 11, 12) Hospital readmissions frequently occur among patients with poor comorbidity and are associated with liver disease severity. Additionally, the increased Model for EndStage Liver Disease (MELD) score was associated with readmission in most studies. (5) Liver disease severity, determined by MELD score, was an important factor associated with readmission. In our study, as in those conducted by others, (4, 7, 11, 12) presenting with a high number of cirrhosis complications was an independent predictor of early hospital readmission. These could be explained by the nature of cirrhosis being a chronic complex disease. Increasing MELD score determines the progressive phase marked by developing many complications from liver dysfunction and portal hypertension. Furthermore, having advanced cirrhosis also increases the risk of developing infections, kidney injury, acuteon-chronic liver failure, and HCC.
Clostridium diff icile infections (CDIs) also proved to serve as predictors for early readmission in cirrhosis. (13) The Nationwide Readmissions Database in the United States reports that patients with cirrhosis and CDIs were more likely to be readmitted within 30 days and have higher mortality rates than those without cirrhosis. However, our data do not capture laboratory values for CDIs. Patients with decompensated cirrhosis presented the highest risk for 30-day readmission after CDIs. Recurrent CDIs constituted the major reason for early readmission. Intervention to reduce CDIs and prevent recurrent CDIs should include strategies to prevent readmission.
Most patients were readmitted for a liver cirrhosisrelated reason in our study, similar to findings in other studies. (4, 7, 11, 12) Modifiable predictors of readmission previously reported include HE, ascites, and other complications of cirrhosis. We also found that HIV-related cases and cholangiocarcinoma predicted 30-day readmission. This could be explained by the high incidence of HIV and cholangiocarcinoma cases related to cirrhosis in Thailand. (14, 15) Strategies to reduce hospital readmission in cirrhosis should target high-risk groups such as individuals with several significant comorbidities, like decompensated cirrhosis liver cancer and HIV-positive status.
Several interventions were proposed to reduce hospital readmission in cirrhosis. We developed a model to predict 30-day readmission. However, the model indicated only moderate discriminative ability, as in our previous study, (4) because readmission is complex due to cultural diversity and the ability to access health services. Readmission risk score may highlight the need for targeted interventions to decrease rates of readmission within high-risk populations. (16) However, some factors are not easily manageable due to their complexity such as culture, socioeconomic status, and health insurance.
Our study had some limitations inherent to research involving administrative database analysis. First, this study relied on ICD10-WHO codes to establish a diagnosis of cirrhosis. Theoretically, miscoding or error in the code-assignment process could have led to misclassification bias. Second, our data from the National Health Security Office did not capture laboratory values and medications. Therefore, we could not analyze their effect on 30-day readmission, especially variables such as MELD or Child-TurcottePugh scores, which prevented the severity of cirrhosis from being assessed.
In conclusion, this study used a nationwide database to capture the burden of readmission involving cirrhosis in a health economic perspective, outside of the United States. We determined that the 30-day, all-cause readmission rate among patients with decompensated cirrhosis was 17%, and most readmissions were from decompensated-related causes. Comorbidities such as liver cancer and HIV also predicted the risk for 30-day readmission among patients with cirrhosis. Despite the inherent limitations of administrative databases, the results of this study could have several clinical implications, especially the potential to help health care policy stakeholders to target high-risk patients. Future studies should focus on interventions to target patients at high risk for readmission and aim to decrease 30-day readmission rates.
